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ABSTRACT: The widespread development of Decision Support System (DSS) in 
construction indicate that the evaluation of software become more important than before. 
However, it is identified that most research in construction discipline did not attempt to assess 
its usability. Therefore, little is known about the approach on how to properly evaluate a DSS 
for specific problem. In this paper, we present a practical framework that can be guidance for 
DSS evaluation. It focuses on how to evaluate software that is dedicatedly designed for 
consultant selection problem. The framework features two main components i.e. Sub-system 
Validation and Face Validation. Two case studies of consultant selection at Malaysian 
Department of Irrigation and Drainage were integrated in this framework. Some inter-
disciplinary area such as Software Engineering, Human Computer Interaction (HCI) and 
Construction Project Management underpinned the discussion of the paper. It is anticipated 
that this work can foster better DSS development and quality decision making that accurately 
meet the client’s expectation and needs. 
 
Keywords : Decision Support System, Requirement Engineering, User Centred Design, 
Consultant Selection, Software Evaluation 
 
1. INTRODUCTION  
The selection and engagement of a consultant is one of the most crucial 
decisions the client will make when planning a new engineering project. 
Throughout project life cycle, consultants play vital role from the inception to 
completion of a project (Chan et al., 2004). The accuracy and suitability of 
consultant’s design and recommendations could have profound impacts on the 
subsequent works  within project life cycle and might lead to project failure 
(Hussain, 1974).  It is revealed that most problem in major projects including 
irrigation and drainage in Malaysia were due to the poor performance by some 
project consultants (Kadir et al., 2003). The study indicates that incapable 
consultants were awarded the projects. Furthermore, it is also reported that the 
consultant selection process in the Malaysian Department of Irrigation and 
Drainage (DID) is inefficient as it take longer time than expected (Asian 
Development Bank, 2011). By considering the aforementioned reasons, it is 
proposed to develop a Decision Support System (DSS) to solve the problem.  
 
Historically, DSS research began in the 1960’s where the emphasis of the 
researches is more conceptual aspect of decision making (Simon, 1960, as cited 
in Angehrn and Jelassi, 1994, Anthony, 1965, as cited in Shim et al., 2002). 
Since then, various DSS related research has been carried out in diverse area to 
decision making problem including construction discipline. Applications in DSS 
for construction includes contractor selection, consultant selection, project 
procurement evaluation, preservation of civil infrastructure, etc (Omar et al., 
2011). DSS has been proven to be a significant and popular approach to solve 
construction management decision making problem. However, there is no 
standard and effective method to evaluate DSS in construction discipline.  Thus, 
in this paper, we proposed an evaluation framework for DSS for consultant 
selection.  
 
The evaluation framework consist two main parts of validation such as Sub-
system Validation and Face Validation. The research adopted a Design Science 
Research Methodology (DSRM) in DSS development. DSRM can also be used in 
conjunction with other research approach such as experimentation and case 
study (Nunamaker et al., 1991). In Information System discipline, a case study 
examines a phenomenon in its natural setting, employing multiple methods of 
data collection to gather information from one or a few entities such as people, 
groups, or organizations (Benbasat et al., 1987). Due to aforementioned decision 
process deficiencies, organisation such as Malaysian DID was chosen to 
demonstrate our framework. Two case studies for consultant selection at 
Malaysian DID were selected as part of the framework. Yin  (2003)  suggests  
that  the  selection  of  case projects  needs  to  relate  to  the  research  problem  
and  questions  and  identify  the  attributes that are most likely to yield relevant 
data. The projects were selected due to the differences of the project scalabilities 
and project delivery. Therefore, the pattern of decision outcomes will be different 
and the evaluation result will be more meaningful. The paper starts with an 
introduction and followed by discussion on the software engineering and usability 
engineering aspect.  Next, the proposed framework was presented. The 
contribution of this paper is explained in the discussion and conclusion section.  
 
2. MODIFYING SOFTWARE ENGINEERING: SYSTEM-CENTRED OR USER 
CENTRED DESIGN 
According to Rubin (2008), many consumer products such as electric and 
electronics are difficult to use. Computer program also fall into this category. A 
study indicates that computer program tend to focus on the system rather than 
the user of the product (Rubin, 2008).  The most probable reason is that the 
designer might assume that human are flexible and easily adapt with technology 
rather than vice versa. As a result, the rate of negligence among end user to 
adopt advanced software such as DSS was significantly decreased due to this 
situation (Qijia et al., 2005, Seffah and Metzker, 2004). This is directed to 
designers that ignore human factor and user centred concept in their product 
development and keep designing product very much like themselves (Rubin, 
2008). The rapid expansion of the software applications specifically “tailor-made” 
software such as DSS has brought user-centred computing into prominence. The 
implementation of DSS should balance between the software requirements and 
human aspect. As illustrated in Figure 1, a good framework that bridges the 
practices in user-centred and software engineering has been introduced (Seffah 
and Metzker, 2004). The framework indicates that there are various practices in 
traditional software development which can be further enhance by the adoption of 
human centred development. Thus, the best practice of software development is 
to balance and sit in the middle between these two distinct areas.  In 
contemporary software development, the software design needs teamwork by 
incorporating user in process. This process is generally known as participatory 
design.  
 
 
Figure 1.  Practices in User-Centred and Software Engineering 
(Seffah and Metzker, 2004) 
A few studies in software engineering literature adopt the involvement of end 
user/domain expert and usability concept into Requirement Engineering process 
(Adikari et al., 2006, Adikari et al., 2007, Adikari, 2008). These studies suggest 
that the end users should be involved from start and identifying user requirement 
is non-trivial task. This could simply avoid potential error during at later stages in 
system design. Other benefits that may derive by this method are probably 
related to end user satisfaction, completeness of system functionality or program 
repair effort.  Thus, it is important that the designer should integrate usability 
aspect throughout the development process. Based on Adikari (2008), the 
element of usability and rapid prototyping technique can be used in parallel as a 
strategy to enhance software specification. Rapid prototyping is a iterative 
process of software development which can be promptly changed based on user 
feedback while using the system (Whitten and Bentley, 2006). Software 
specification is important as a medium of communication for designers to 
implement the system. The promising modification design process made by 
Adikari (2008) sparks our approach to design a structured and well designed 
DSS prototype for consultant selection.  
In our research, we have adopted Tropos as our Requirement Engineering. It is a 
software development methodology, where concepts of the agent paradigm are 
used along the whole software development process (Bresciani et al., 2004). 
Classical Tropos consist of four main components such as Early Requirement, 
Late Requirement, Architectural Design and Detailed Design (Garzetti et al., 
2002). The amendment that we’ve made is the addition of Rapid Prototyping 
process after Late Requirement and before Architectural Design. Gediga and 
Hamborg (2001) define this approach as Usability Engineering. The process 
includes prototyping, interactive system design and user involvement (Gediga 
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and Hamborg, 2001). In our Tropos framework, a usability element was included 
in the Early Requirement where a user model was developed to get the user 
needs and expectations. At a later stage, a usability evaluation is also planned to 
be integrated in the process of DSS evaluation framework. Figure 2 illustrates our 
approach of a modified Requirement Engineering process in Tropos. 
Figure 2.  A Modified Requirement Engineering in Tropos 
 
3. USER CENTRED EVALUATION FOR DECISION SUPPORT SYSTEM 
Since decades ago, a number of studies in DSS literature attempted to develop 
their own framework to evaluate DSS (Etezadi-Amoli and Farhoomand, 1996, 
Gelderman, 1995, Gelderman, 1998, Shirani et al., 1998). However, it appears 
that there is no standard approach of evaluation for DSS. This is probably 
because of the nature of DSS which is a customized program to specific problem. 
Therefore, the way to evaluate DSS might also vary. One of the most highly cited 
paper suggest that classical DSS evaluation methodology should consist of four 
major components i.e. global DSS, logic model, Human Computer Interaction 
(HCI) and data model (Finlay and Wilson, 1997a).  Some components such as 
logic model, HCI and data model are interrelated. Finlay and Wilson (1997) also 
add five type of validity to asses each component such as logical validity, general 
validity, interface validity, data validity and system builder validity. Below figure 
illustrates few DSS component and its validity (Figure 3) 
 
Figure 3. Relationship between the DSS component and complete validity framework 
(Finlay and Wilson, 1997b) 
 
Early Requirement 
 
Late Requirement 
Architectural 
Design 
 
Detailed Design 
Rapid Prototyping 
 
Requirement Engineering in Tropos 
 
 
 
 
Usability element Usability element 
A lot of research uses their own construct or attributes to evaluate DSS for its 
usefulness. In Table 1, we highlight some commonly used construct to evaluate 
the global utility of DSS as a whole and match with the components suggested by 
Finlay and Wilson (1997). There list is outlined in Table 1 which includes support 
organizational goals, efficiency, decision making satisfaction, system quality, 
decision making approach, information presentation, and information quality. The 
following is the description of each construct; 
 
 support organizational goals 
ability of the software to achieve organization objectives as describes in 
elicitation process (Kim and Guimaraes, 1992) 
 
 Efficiency 
the extent to which time or effort is well used for the intended task or purpose 
(Kim and Guimaraes, 1992) 
 Decision making satisfaction 
decision making expectations, or needs, or the pleasure derived from the use 
of system (Mihir et al., 2001) 
 
 System quality 
overall system quality which encompass the methodology and design 
approach for the system implementation (Bharati and Chaudhury, 2004) 
 
 Decision making approach 
decision making method used in the system including decision model or any 
scoring technique (Tor et al., 1992) 
 
 Information presentation 
Overall information about the visibility of the information and including general 
interface design (Etezadi-Amoli and Farhoomand, 1996) 
 
 information quality 
Required data is accessible and easy to use (Bharati and Chaudhury, 2004) 
 
 
Table 1. Global Utility Construct for DSS 
 
Global Utility 
Construct 
DSS 
Component 
Validity References
Support organizational 
goals 
Global DSS General  (Kim and Guimaraes, 1992) 
Efficiency Global DSS General  (Mennecke et al., 2000, Mihir et 
al., 2001, Tor et al., 1992) 
Decision making 
Satisfaction 
Global DSS General  (Bharati and Chaudhury, 2004, 
Mihir et al., 2001, Gelderman, 
1998, Shirani et al., 1998) 
System Quality Global DSS System 
Builder  
(Bharati and Chaudhury, 2004, 
Mihir et al., 2001) 
Decision Making 
Methodology/Approach 
Logic Model Logical  (Kim and Guimaraes, 1992, Tor 
et al., 1992) 
Information 
Presentation 
HCI Interface  (Bharati and Chaudhury, 2004, 
Etezadi-Amoli and 
Farhoomand, 1996) 
Information Quality Data Model Data  (Bharati and Chaudhury, 2004) 
 
 
In contrast with Finlay and Wilson (1997) framework, Borenstein (1998) suggest 
two main component in DSS Evaluation i.e. Subsystem Validation & Verification 
(V&V) and Face Validation. Subsystem V & V consist of verifying and validate 
subsystem in DSS one at a time as they developed (Borenstein, 1998). This will 
ensure the quality of components in DSS. On the other hand, face validation 
concerns more on human aspect of development. It aims to achieve consistency 
between designer’s view and potential user’s view in a timely and cost effective 
way (Borenstein, 1998).  
 
Previous studies on DSS focused more on user decision performance or user 
satisfaction (Etezadi-Amoli and Farhoomand, 1996, Tor et al., 1992). Some 
studies indicate that user satisfaction positively affected the DSS success 
(Gelderman, 1995, Gelderman, 1998). There are two broad categories of 
variables to measure DSS success: process-oriented, including internal system 
architecture, and outcome-oriented, including decision performance and user 
satisfaction (Shirani et al., 1998, Blake and Margrethe, 1984). Similar to previous 
section, usability concept is the key to describe both process-oriented and 
outcome-oriented in DSS.  
 
Figure 4. Face Validation Incorporating Coupled Global Utility and Usability Evaluation 
Usability determines how effectively and comfortably an end user can achieve the 
goals that gave rise to an interactive system (Bass et al., 2001). It relates on how 
system interacts with the user. Instead of the validation of the utility, it is also 
important that the software should be verified by users for its usefulness. 
Considering the aforementioned reasoning, we modified the concept of Face 
Validation from Borenstein (1998). In our approach, we coupled the Global Utility 
Evaluation borrowed from Finlay and Wilson (1997) and coupled with Usability 
Evaluation (Figure 4). The idea is to user feedback iteratively to enhance overall 
design of the DSS.  
 
One of the most popular usability technique is Heuristic Evaluation (Mayhew, 
2005).  Heuristic evaluation is qualitative in nature. It involves having evaluators 
which usually the domain expert to examine the user interface, system and judge 
its compliance with recognized usability principles i.e. heuristics (Zhang et al., 
1999). This heuristic can be a set of guidelines or checklist to assess a system 
for its usage such as simplicity, match between system and the real world, 
minimize user memory load, consistency, feedback, efficiency of use, aesthetic 
and minimalist design, prevent errors, help and documentation (Nielsen, 2005b, 
Branaghan and Simeral, 1997). A study reveal that heuristic  based approach can 
significantly improve design,  implementation and evaluation of information 
system (Folmer and Bosch, 2004). The method is done by approaching a domain 
expert to assess the system personally by the assistance of a set of heuristics 
(Komarkova et al., 2007). Nielsen (2005b) also underlines sets of heuristics that 
can be used in Heuristic Evaluation. The full list of construct and its description is 
described in Table 2. 
Global Utility Evaluation 
Usability Evaluation 
Face Validation 
Table 2. Heuristic Evaluation Construct (Nielsen, 2005b) 
 
Heuristic 
Construct 
Descriptions
Visibility of 
system status 
keep users informed about what is going on or current state of the 
system  
Match Between 
system and real 
world 
The system should speak the users' language rather than system-
oriented terms.  
Consistency and 
Standards 
 
Follow standard conventions as set by the user  
Recognition 
Rather Than 
Recall 
Minimize the user's memory load by making objects, actions, and 
options visible.  
Flexibility and 
efficiency of use 
Cater to both inexperienced and experienced users. Allow users to 
tailor frequent actions.  
Aesthetic and 
Minimalist Design 
Minimize irrelevant information on the dialogue and make it simple 
with simple yet concise information 
Error Prevention Prevent error and display error message  
 
Nowadays, a lot of research in construction discipline discarded the aspect of 
human computing and there is no evaluation by the user on how good the system 
been implemented (Kumaraswamy and Dissanayaka, 2001, Spainhour et al., 
1999, Shen and Grivas, 1996, Molenaar and Songer, 2001, McCowan and 
Mohamed, 2002). This scenario also derived to consultant selection problem that 
we are currently deal with where there are no usability evaluations on the 
usefulness of DSS prototypes (Al-Besher, 1998, Chow and Ng, 2007, Cheung et 
al., 2002). As part of our research activities, we include usability in our evaluation 
framework and can be used as requirement review in requirement engineering 
(Adikari, 2008). Thus, the next section will demonstrate our practical method to 
evaluate DSS for consultant selection at Malaysian DID. 
 
4. DSS EVALUATION FRAMEWORK 
The DSS Evaluation framework is part of our research by using DSRM approach 
for consultant selection problem (Omar et al., 2009). The method consist of two 
main component of evaluation i.e. Sub system validation and face validation 
(Figure 5). The iterative evaluation process starts from Subsystem Validation 
where two real cases for consultant selection will be analysed.  Next, the 
evaluation process will followed by Face Validation. It consists of coupled Global 
Utility Evaluation and Usability Evaluation. Face Validation is part of evaluation of 
user experience of DSS. Direct feedback from user will improve DSS design. We 
will ask the user whether to modify the decision methodology and the overall 
design of the system. Previous process will be revisited should changes is 
needed. The following will describe more on System and Face Validation. 
 
Figure 5.  consultDeSS lifecycle with emphasis on the evaluation process 
 
4.1 Subsystem Validation 
  
In subsystem validation, we evaluate the performance in all system 
components that has been implemented. There are three main component 
exist such as Operational Layer, Middle-tier Layer and Top-tier Layer. Multi 
criteria Decision Technique implemented within these components such as 
Evolutionary Algorithms, Hierarchical Fuzzy TOPSIS, and Weighted Sum 
Model will be validate in terms of its performance in real case. Selection  of  
case  projects  needs  to  relate  to  the  research  problem  and  questions  
and  identify  the attributes that are most likely to yield relevant data (Yin, 
2003). Therefore we been selected based on the type of project delivery of 
the completed project. The following are the descriptions of case studies. 
 
a. Case A: Enhancement of Flood Mitigation Plan of Sungai Muda 
Sungai Muda (Muda River) is located within the boundary of Kedah 
and Penang state. According to DID (2011), the catchment area is 
4,210 km2 and 180 km length begin from Muda Dam and flows across 
district of Baling, Sik and Kuala Muda (Figure 6). The area often 
flooded on the rainy season from April to May and from September to 
November every year. It is reported that river experiences floods every 
year, and the floods of 1996, 1998, and 1999 were particularly high 
(DID Sungai Muda, 2011). Many problems raised when flood keep on 
worsening each year (e.g. riverbank erosion, river pollution and 
reduction of water resources). Water supply for agricultural, industrial 
and domestic sector for both Penang and Kedah is the key of role of 
the river. A project was proposed to enhance the design of the Flood 
consultDeSS Prototype
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Mitigation Plan of Sungai Muda (DID Sungai Muda, 2011).  The 
objectives of the project were; 
 to guarantee that alignment and design of the main river 
channel are economic, effective and environmentally sound 
 inspect the river behaviour through studies to minimize repair 
works in future that resulting from the new design. 
 suggest other design option for other location 
For this study, a local consultant was appointed to assist DID. The 
overall flood mitigation project cost MYR $500 million was funded by 
Malaysian Government by under Design Build project delivery (DID 
Sungai Muda, 2011).  
 
 
 
Figure 6. Sungai Muda Catchment Area in State of Kedah (DID Sungai 
Muda, 2011) 
b. Case B: Sungai Klang Flood Mitigation Project 
The Klang river Basin is one of the most densely populated areas in 
the country. The basin encompasses the Federal Territory of Kuala 
Lumpur (Federal Territory), parts of Gombak, Hulu Langat, Klang and 
Petaling Jaya and Shah Alam (Centre, 2011). With an estimated 
population of over 3.6 million (approximately 21 percent of national 
population) and growing at almost 5 percent per year, the Basin has 
experienced the highest economic in the country (Centre, 2011). The 
Klang river originates in a mountainous area of northeast of Kuala 
Lumpur. It is joined by 11 major tributaries while passing through 
Federal Territory and the area downstream of Kuala Lumpur, before 
joining the Strait of Malacca at Port Klang (DID Selangor, 2011). The 
Basin is 1290 square kilometres, about 35 percent of which has been 
developed for residential, commercial, industrial and institutional use 
(DID Selangor, 2011). Rapid economic growth has attracted a strong 
inflow of settlers from other parts of the country and overseas which 
has resulted in squatter settlements mainly along the river reserve 
areas. Therefore, the state of Selangor and Federal DID has initiated 
a project to address the environmental issues in the Basin i.e. the 
Klang River Basin Flood Mitigation Project. The cost of the project is 
USD $101.68 million and funded by Asian Development Bank (ADB). 
It was accomplished through Private Finance Initiative due to the 
scalability of the project. The project addresses the environmental 
issues such as (DID Selangor, 2011); 
 
- to improve environmental conditions, including those that worsen 
flooding 
- minimize the adverse economic, social, and environmental 
impacts  of flooding in the Sungai Klang basin.  
 
Project preparatory technical assistance which involving the 
appointment of consultant costing USD $2.2 million was used to 
develop the feasibility study, design and implementation of the project 
(Asian Development Bank, 2007). As competent domestic expertise 
was available, the Government’s normal practice was to use a 
domestic consulting firm as the lead consultant with assistance from 
international consulting firms. Based on this practice, DID shortlisted 
six local consulting firms as lead firms. ADB subsequently requested 
the Government to revise the proposed shortlist to include two 
Malaysian firms and four non Malaysian firms as lead consultants. 
This changing of the shortlist significantly delayed project consultant 
recruitment, and hence project implementation, by about 3 years was 
extended for another few years. According to DID circulars, the 
process of consultant appointment usually take more than 3 month 
which is considerably longer than ADB expected. Thus, DID has 
implemented various procedure to accelerate this process but the 
situation was not really rectified. In our research, we limit the selection 
for local consultant due data access restriction and time limitation. 
 
 
4.2 Face Validation 
  
In Face Validation, we deploy coupled Global Utility and Usability Evaluation 
as describe in previous section. The validation is based on qualitative 
approach rather than quantitative. It involves subjective comparison of global 
utility construct and sets of heuristic for usability evaluation. This can be done 
iteratively should modification is suggested by user. Qualitative approach 
used in this validation involves subjective comparison of performance. In 
contrast, quantitative paradigm requires a number of observation and a 
controlled data procedures that are beyond the time and cost constraint to 
complete a prototype (Borenstein, 1998). A study argued that quantitative 
paradigm is not feasible for usability research as usability heavily depend on 
behaviour driven aspect (Spillers, 2005). Meanwhile, Borenstein (1998) assert 
that qualitative method is more effective during rapid prototyping process 
where time and cost are more important than detailed data collection and 
analysis.  Thus, we selected qualitative paradigm throughout face validation.  
 
In terms of usability for DSS, we also use Heuristic Evaluation as technique to 
address if there are any changes suggested by user. Set of heuristic 
construct will be used as in previous section. According to Nielsen (2000), 
usability evaluation is less expensive compare to other method such as it only 
require from three to five domain expert to assess the system. It is suffice to 
test with a handful of users and revise the design in the direction indicated by 
a qualitative analysis of their behaviour (Nielsen, 2006). An experiment to 
determine how many testers should involve in a heuristic evaluation was 
conducted (Nielsen, 2000). The result shows that the optimum number of 
users/testers is between 3 to 5 users (Figure 7). If the evaluation proceeds 
with more than 5 users, very little new information will be obtained from the 
remaining test. This is because the users will keep doing the same behaviour 
as the first 3 to 5 users. Thus, Nielsen (2000) suggests that usability 
evaluation should be conducted to a small number of users i.e. 3 to 5 users. 
Therefore, we have selected a few testers that had previously involved in 
Requirement Elicitation. 
 
 
Figure 7. Usability Testing with a Number of Test Users (Nielsen, 2000) 
 
 
5. DISCUSSION AND CONCLUSIONS 
 
In recent years, studies in construction are moving forward to tagged problems 
particularly in planning phase by using DSS. Problems such as project delivery 
selection (Al Khalil, 2002; Cheng & Li, 2005; Dey, 2006; Molenaar & Songer, 
2001; Sarka et al., 2008), contractor selection (Ibrahim et al., 2002a), supplier 
selection (Kahraman et al., 2003), equipment selection (Shapira & Goldenberg, 
2005), and consultant selection (Al-Besher, 1998; Cheung et al., 2002; Kit, 2005) 
are among the construction problems that have been widely explored. However, 
a lot of studies in construction discipline ignored many aspect of computing 
(Omar et al., 2011) . As a result, the software developed were not practical and 
difficult to use (Qijia et al., 2005). A structured software specification can help to 
design and develop practical and usable software. This has motivated us to 
develop a DSS that encompass necessary elements such as requirement 
engineering and usability engineering to solve construction problem. This paper 
presents a part of our on going project for developing DSS for consultant 
selection at Malaysian DID. 
 
Initially, research gaps such as decision deficiencies for consultant selection at 
Malaysian DID and lack of DSS evaluation framework were identified. The 
discussion started with a basic knowledge in software engineering and human 
computer interaction. It also concerns on the tools that integrate some of the 
fundamental in computing such as software engineering, requirement 
engineering, human computer interaction, and usability engineering. Next, we 
demonstrate our approach on how to fit in real case studies that involves 
irrigation and drainage project into DSS evaluation framework. Two main 
components were introduced in the framework i.e. Sub-system Validation and 
Face Validation. This framework provides a basis of DSS evaluation framework 
that is currently lacking particularly for consultant selection problem in 
construction literature. The accomplishment of the evaluation framework will also 
indirectly help us to achieve the main goal of the research which is to define the 
specification of DSS for consultant selection. 
 
In conclusion, this paper presented a practical method to evaluate DSS for 
consultant selection problem for public sector infrastructure project. The 
contribution of this paper is to help designers from non-computing background to 
understand some fundamental underpinning the state-of-art in DSS development. 
It is anticipate that the outcome of the system to be more usable, effective and 
provide efficient decision making. 
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